I discuss the importance of the O(g 4 m 2 t /M 2 W ) corrections to the effective electroweak angle and M W in the indirect determination of the Higgs mass. I emphasize the rôle of a very precise M W measurement on the M H estimate.
Introduction
One of greatest achievement of the program of accurate verification of the Standard Model of electroweak interaction (SM) carried out at LEP and SLC during the last decade, has been the prediction of the top mass. After the experimental discovery of the top quark by the CDF collaboration (with a mass at the right place indicated by the electroweak fits) the challenge of precision physics has moved towards the only remaining unknown particle of the SM, namely the Higgs. However, in this case the game is much harder. The reason is clearly connected to the different behavior of the virtual effects of the two particles in the relevant electroweak corrections: power-like for the top, much milder and just logarithmic for the Higgs. To appreciate how much this logarithmic behavior makes hard the game for the theorists (and the experimentalists also) I consider the effective electroweak mixing angle, sin 2 θ lept ef f ≡ s 2 ef f , that is the most important quantity in the determination of M H , and write it as s 2 ef f ∼ (c 1 + δc 1 ) + (c 2 + δc 2 ) log y; y ≡ (M H /100 GeV).
(
In Eq. (1) I identify the l.h.s. with the experimental result that, I assume, carries no error. In the r.h.s. δc i represent the theoretical uncertainty in the corresponding coefficients connected to the fact that we have computed c i in perturbation theory through certain order in the perturbative series and therefore we do not know their exact values because of higher order contributions. From Eq. (1) one obtains
where y 0 is the value corresponding to δc 1 = δc 2 = 0. To see the effect of ∆ th in extracting M H I take
where s 2 ∼ 0.23, c 2 = 1 − s 2 . In Eq. (3) I estimate c 2 through the Higgs leading behavior of the correction ∆r relevant for s 2 ef f [1, 2] while for ∆ th , I take the value estimated in the 1995 CERN report on 'Precision calculation for the Z resonance' [3] . The latter has been obtained comparing the output of five different codes that implement different renormalization schemes and have built in several options for resumming known effects. At the time of the report, the knowledge of the electroweak part of the radiative corrections included, besides the complete one-loop order, the leading logarithms of O(α n log n M Z /m f ) (here m f is a generic fermion mass) [4, 5] , the O(α 2 log M Z /m f ) [5] term while for the two-loop top contribution only the leading O(g 4 m 4 t /M 4 W ) correction was known [6] . Therefore the comparison of the various codes was mainly measuring the scheme-dependence error induced by the ignorance of the next term in the two-loop top contribution, namely the O(g 4 m 2 t /M 2 W ) corrections. Inserting the values of Eq. (3) into Eq. (2) yields y ∼ 1.29 y 0 . We see that a theoretical uncertainty coming from two-loop unknown contributions (that are supposed to be not even the dominant part) makes an error in the indirect determination of the Higgs mass of 29 %!
Recent advance in higher order calculations
The above example clearly tells us that to extract accurate indirect information on the Higgs one needs not only very precise experiments but also a very good control of the theory side. This brings in the issue of what error we can associate to our theoretical predictions. They are affected by uncertainties coming from two different sources: one that is called parametric and it is connected to the error in the experimental inputs used in our predictions. The second one is called intrinsic and it is related to the fact that our knowledge of the perturbative series is always limited, usually to the first few terms. Concerning parametric uncertainties, α(0), G µ and M Z are very well measured, m t and α s are not so precisely known while for M H there is not at all direct evidence. The scale of the weak interactions is given by the mass of the intermediate vector bosons, so what actually matters in our predictions is not α(0) but α(M Z ). The latter contains the hadronic contribution to the photon vacuum polarization, (∆α) h , that cannot be evaluated in perturbation theory. Fortunately, one can use a dispersion relation to relate it to the experimental data on the cross section for e + e − annihilation into hadrons. In the recent years there has been a lot of activity on this subject. Several new analyses appeared that differ in the treatment of the experimental data [7, 8] and in the amount of theoretical input used to evaluate them [9, 10] . The situation is not yet settle down (and probably will not be till new experimental data on the e + e − cross section in the low and intermediate energy region are available), so a conservative approach is still to use the value given by the most phenomenological analyses [7] ,
The status of the intrinsic uncertainties has actually improved since the CERN report. A sizeable amount of work on radiative corrections has been completed in the recent past. In this talk, I will discuss only the information that is now available on the O(g 4 m 2 t /M 2 W ) corrections. The fact that the top is heavier than the other known particles suggests to organize its two-loop contribution to the various radiative parameters as a series in m t . The first two terms of this series are enhanced by factors (m 2 t /M 2 W ) n (n = 1, 2) while the remaining ones are at most logarithmic in nature. The leading contribution that scales as m 4 t is completely available for arbitrary value of the Higgs mass since few years [6] [12, 13] and the partial widths of the Z into fermions but the b quark [14] . Indeed in the case of the b there are specific vertex corrections of the same order not yet computed. To gauge the residual scheme dependence, O(g 4 ), this incorporation has been performed in three electroweak resummation approaches and two different ways of implementing the relevant QCD corrections [12] . One of the approaches (MS) employsα(M Z ) and sin 2θ W (M Z ) ≡ŝ 2 , the MS QED and electroweak mixing parameters evaluated at the scale µ = M Z , while the other two (OSI and OSII) make use of the on-shell parameters α and sin t /M 4 W ) term and it is the one presently implemented in ZFITTER [17] . On the other side our MS approach [2] is quite similar to the one implemented in TOPAZ0 [18] . This explain why in the new version of the famous LEP-EWWG ∆χ 2 vs. M H blue-band plot [15] [19] . There is nothing wrong with it. Indeed the comparison of results obtained in different schemes of calculation that contain all the available theoretical information at a given order of accuracy gives us a guess of the size of the reducible contribution, namely the part due to resummation or iteration of lower order effects. It does not tell us anything about the exact size of higher order one-particle irreducible contributions. This way of estimating the intrinsic uncertainty should be taken as giving just the order of magnitude of it and moreover can be realistic only if the irreducible part is comparable or smaller than the reducible one. But we have no way to know it before actually performing the calculation of the irreducible part.
Importance of a precise M W measurement
The precise electroweak measurements allow to constrain significantly the value of the Higgs mass. A global fit to all data gives a strong indication for a light Higgs with an upper limit at 95 % C.L. M H < 215 GeV [15] . However, the current estimates of M H depend crucially on the world average s 2 ef f = 0.23149±0.00021, and this follows from a combination of experimental results that are not always in good harmony. The data presented at the 
that in the range 75 GeV ≤ M H ≤ 350 GeV, with the other parameters within their 1 − σ errors, approximates the detailed calculations of Ref. [12] with average absolute deviations of ≈ 4 × 10 −6 and maximum absolute deviations of (1.1 − 1.3) × 10 −5 depending on the scheme while outside the above range, the deviations increase reaching (2.6 − 2. [15] . There is another observation to be made with respect to s 2 ef f . This observable is very sensitive to (∆α) h . As I said, the accuracy we know this quantity is presently under discussion. The most conservative error [7] Table 3 . Errors on ln(M H /(100 GeV)) determined from M W (Eq. (5)) and s results. This state of affairs strongly suggests the desirability of obtaining constraints on M H derived from future precise measurements of M W . Similarly to Eq. (4) I parameterize the result for M W as [20] M W 80.383
where the d i coefficients are shown in table 2 and notice that to obtain an accuracy in the parameterization similar to that of Eq. (4) I need to introduce an extra term proportional to ln 2 (M H /100 GeV). Comparing the coefficients of the Eq. (4) and Eq. (5) we see that at equal level of experimental accuracy (which is, in fact, the current situation) s 2 ef f is more sensitive than M W by a factor ≈ 2.7 in ln(M H /100) (taking also into account the ln 2 (M H /100) term of Eq. (5)). On the other side, M W has the welcome characteristic to be not so sensitive to (∆α) h . Let us now consider future scenarios where the experimental errors in the various quantities that enter in Eq. (4) Table 3 presents 3 possible scenarios in all of which I assume no improvement in the s 2 ef f and α s (M Z ) determination (i.e. δs 2 ef f = 0.00021 and δα s (M Z ) = 0.003) while the errors in m t , M W and in the last case also in (∆α) h get reduced. One sees that a determination of M W at the level of 35 Mev together with an improvement in m t to δm t = 3 GeV gives an information on M H competitive with the one that is presently obtained from s 2 ef f . Such a scenario is consistent with the expectation of Tevatron Run 2. A further reduction in δM W and δm t , that can be foreseen at LHC, will make M W more effective than s 2 ef f in determining M H even in a situation in which the error on (∆α) h will be significantly reduced.
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